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Wood-Saxon alpha potential for p-nuclei 106Cd and 113In
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Kolkata-700064
Alpha elastic scattering of p-nuclei were studied for calculating optical
potentials. Choice of the α-optical potentials are important to measure the
reaction rates of p-process. 106Cd(α, α)106Cd and 113In(α, α)113In elastic scat-
tering cross-section data were used to determine the potential parameter sets
at Elab= 16.1-27 MeV for
106Cd and Elab=16.14, 19.4 MeV for
113In system.
A Wood-Saxon potential form factor is used for both real and imaginary
part. The potential parameters extracted in the present study exhibit a
satisfactory result with respect to existing global potential parameters.
1 Introduction
Nuclei heavier than iron(Z>26) are produced in the star by neutron capture
process, either by slow neutron capture(s-process) or rapid neutron capture(r-
process)[1]. But there are 35 naturally occurring isotopes(74Se-196Hg) which
are not produced by s or r-process. They are situated in the neutron deficient
side of the valley and their natural abundances are small compared with the
s and r-nuclides, these nuclides are known as p-nuclei. They are produced in
(γ,p),(γ,α),(γ,n) reaction process from s and r-seed nuclides in a high γ-flux
scenario-called photodisntegration process [2].
Reaction rates derived from the reaction cross-sections are necessary inputs
for the network calculation of the p-process. The γ-induced reaction cross-
sections can be obtained from the inverse reaction cross-section using prin-
ciple of detailed balanced. Measurements of (γ,p),(γ,α),(γ,n) reactions on
p-nuclei are therefore important to understand the γ-process. In order to
analyse measured cross-sections one has to calculate them using the statisti-
cal model for compound nuclear processes. These calculations are sensitive
to the entrance channel optical potentials involving α or protons interacting
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with p-nuclei. The optical potentials for α and proton is very well studied
in the literature in terms of generic targets. It is interesting to examine the
validity of the global proton and alpha potentials on p-nuclei targets at dif-
ferent energies. In fact there are very few measurements that have extracted
the optical potentials for p-nuclei targets. G.G Kiss et al. measured α-elastic
scattering from 106,110,116Cd nuclei at Elab=16.1,19.6 MeV [3] and on
106Cd at
Elab=16.1,17.7,19.6 MeV [4]. A.Ornelas et al. measured elastic scattering of
α-particles at Elab= 16.1-27 MeV on
106Cd nuclei [5]. A. Palumbo et al. made
a systematic study of α-elastic scattering on 106Cd,118Sn,120,124,126,128,130Te
nuclei at 17-27 MeV incident energies [6]. G.G Kiss et al. have uses a mi-
croscopic model for the real potential viz. DDM3Y for Ref.[4] and M3Y
for Ref.[3] and Wood-Saxon form factor for imaginary potential. They have
only analysed data up to 19.6 MeV and mentioned their χ2 value. A. Ornelas
et al.[5] used DDM3Y potential again but used surface imaginary potential
only at low energy, but both surface(Ws) and volume imaginary(Wv) poten-
tial at higher energy. They obtained a low χ2 at higher energy(23-26 MeV).
In the work of Palumbo et al.[6] again the real potential is taken as M3Y
with an energy dependence. The imaginary part is parameterized in terms of
energy(Eα) and mass number(A). Five parameters have been used in defining
Ws and Wv. G.G Kiss et al. has measured α-elastic scattering on
113In with
the same procedure as for Cd and Te targets at 16.14 and 19.4 energies [7]. D.
Galaviz et al. studied α-elastic scattering on 112,124Sn at Eα=14.4, 19.5 MeV
[8] again using the folding model parameterization for real potential. The
only work that uses Wood-Saxon form factor is for Sn cases by Avrigeanu et
al. at 14.4 and 19.5 MeV [9].
In this work we study the α-elastic scattering of 106Cd and 113In using a
Wood-Saxon form factor for both real and imaginary potentials. This is un-
like to all previous calculations who used a microscopic folding model for the
real potential. Some of these authors have used energy and mass parameter-
ization in the imaginary potential. A global parameter set is suggested for
the system to examine measurements at various energies.
2 Alpha nucleus optical potential for the present
system
The optical model potential is given by
U(r) = Vc(r) + V (r) + iW (r) (1)
Vc(r) is the coulomb potential.
V(r) and W(r) are the real and imaginary part of the nuclear potential. For
real and imaginary part used Wood-Saxon potential form.
V (r) = −Vofv(r) (2)
W (r) = (−Wvfw(r) +Ws
dfw
dr
) (3)
where
fi(r) =
1
1 + exp r−Ri
ai
i = v, w (4)
Where Ri and ai are the radii and diffusivities respectively. Vo ,Wv , Ws are
the potential depths of real,volume imaginary and surface imaginary respec-
tively.
Spin-orbit interaction term included in the optical potentials for spin non
zero target/projectile. The form of spin-orbit potential
Vso(r) = Vso
(
h¯
mpic
)2
1
r
dfso(r)
dr
~l · ~s (5)
(
h¯
mpic
)2
≈ 2.00 , fso(r) =
1
1 + exp r−Rso
aso
(6)
The experimental elastic scattering data of 106Cd and 113In fitted using
the optical parameter search SFRESCO [10].
3 Results and Discussions
The results of the SFRESCO fit/calculations [10] are shown in Fig. 1 for
α + 113In and Fig. 2(a)-(h) for α + 106Cd. The results of the calculations
performed with well known global potentials of McFadden and Satchler [11]
and that of Avrigeanu [12] are shown by dashdotted and dashed lines. The
fit/calculations of the present work are shown by solid lines.
The χ2 values for the present calculations are shown in Table 1. and Table
2. for 113In and 106Cd respectively. It is found that χ2 value worsen from 22
to 27 MeV. A reason for this may be due to the nuclear diffraction patterns
at backward angles which makes the fit more difficult and worsen in cases
compared to when the coulomb dominates at lower energies.
The addition of surface imaginary improves the higher energy χ2 by about
10%. This addition do not offer any further change in the χ2 at lower energies.
There is however no higher energy data for 113In where this effect can be
studied. The effect of spin orbit potential is not significant for this system.
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Figure 1: α + 106Cd Elastic scattering data
